The influence of fertilization with fresh sewage sludge with the addition of calcium oxide and lignite ash in the proportions dry mass 6:1, 4:1, 3:1 and 2:1 on the content of chromium and copper in plants and soil and uptake of these elements was investigated in pot experiment. Sewage sludge were taken from Siedlce (sludge after methane fermentation) and £uków (sludge stabilized in oxygenic conditions), eastern Poland. The chromium content in the biomass of the test plants (maize, sunflower and oat) was higher following the application of mixtures of sewage sludge with ash than of the mixtures with CaO. The copper content in plants most often did not significantly depend on the type of additives to the sludge. Various amounts of additives to the sewage sludge did not have a significant effect on the contents of either of the studied trace elements in plants. The contents of chromium and copper in soil after 3 years of cultivation of plants were higher than before the experiment, but these amounts were not significantly differentiated depending on the type and the amount of the used additive (i.e. CaO vs. ash) to sewage sludge.
INTRODUCTION
Land application of sewage sludge is one of the best and most popular disposal alternatives of sludge due to possibility to bring organic matter, nitrogen, phosphorus and micronutrients to the soil. These wastes generally are a substances of differing properties. They may contain components of a fertilizer, but also environmental contaminants (Singh and Agrawal 2008 , Usman et al. 2012 , Tiruneh et al. 2014 , Wierzbowska et al. 2016 . One of the harmful chemicals accumulated in the soil and that way incorporated into the nutrition chain are trace elements (Sanerbeck 1991, Hooda and Alloway 1994) . The level of plant uptake, bio-accumulation and tolerance of plants to heavy metals varies among different crops at different rates of application of sewage sludge (Yilmaz and Temizgul 2012) . Risk of contamination in the environment is observed through leaching of heavy metals from soils to groundwater. The risk increases with time as metals are persistent in soils over a longer time and many metals do not undergo bio-chemical degradation thereby increasing the risk of bio-availability of metals and their leaching to groundwater table (Gadepalle et al. 2008) . Heavy metal content in the sewage sludge depends on the type of purified sewage, as well as its separation, concentration, and stabilization methods. Their content is often not stable, and the coefficient of variation for some of them is more than 100% (Grzywnowicz and Strutyñski 2000, Czeka³a et al. 2002) . Factors influencing significantly the availability of heavy metals to plants and their accumulation in the soil is pH of both sludge and soil (Smith 1996) . Usually, only a small part of the total heavy metals contents occurs in a form of mobile fractions, but they most often form stable chemical bindings or complexes that are biologically almost inactive (Jakubus and Czeka³a 2001) . Stabilizing the sludge using lime and lignite ash, which contains heavy metals, leads most often to diluting the heavy metals concentrations and increasing the percentage of easy-available forms for plants along with the increase of organic matter mineralization rates resulting in creation of mobile forms of metals (Rosik-Dulewska 2000 , 2001 Basu et al. 2009 ).
The aim of present study was to assess the influence of sewage sludge fertilization with addition of different amounts of CaO and lignite ash on contents and uptake of chromium and copper by test plants (maize, sunflower and oat), as well as to determine these heavy metal concentrations in the soil after three-year experiment was completed. 
MATERIALS AND METHODS
Sewage sludge from a sewage treatment plant in Siedlce (after methane fermentation) and from £uków (stabilised under aerobic conditions), eastern Poland, were separately mixed with calcium oxide (analytical grade) and with lignite ash in weight ratios of 2:1, 3:1, 4:1 and 6:1 calculated on the dry matter of the components. The pH value of the ash was 12.1 and the contents of chromium and copper 74.8 and 39.1 mg·kg -1 of dry matter (DM), respectively. Sewage sludge from Siedlce (19% DM) and £uków (15% DM) contained 26.8 and 416.3 mg·kg -1 Cr, and 123.7 and 78.7 mg·kg -1 Cu, respectively, in the dry matter.
The prepared mixtures and the sludge without additions, in amounts of 0.8 kg, were put into pots containing 8 kg of soil. In the experiment, control objects were selected where organic fertilisation was not applied (Table 1) . They included cultivation of plants on unfertilised soil and on soil with an addition of CaO and of lignite ash in amounts corresponding to their average masses introduced in the mixtures (53 g per pot). A detailed diagram of the pot culture experiment performed in 3 repetitions in a glasshouse, is presented in Table 1 .
Sewage sludge and their mixtures were used in single doses only in the first year (10 days before the seeds were sown), whereas the after-effect was studied in the second and third years. Because of the low potassium contents in the sludge and their mixtures, and the possibility of phosphorus retrogradation on the objects with CaO, pre-sowing supplementary fertilisation with phosphorus and potassium in amounts of 0.44 g P (triple granulated superphosphate -20% P) and 1.0 g K per pot (potassium sulphate -49.8% K) was applied to all objects each year of the experiment.
The test plants in the first and the third year of the experiment were maize (a plant tolerating elevated chromium contents) and forage sunflower (susceptible to copper deficiency) sown following maize harvest in the same pots. In the second year of the experiment, oat (susceptible to elevated chromium content and to copper deficiency) and maize were cultivated. The aboveground parts of the cultivated plants were harvested 80 days after vegetation.
The soil used in the experiment, with granulometric compositions of loamy sand (according to Polish Soil Classification 2011), had slightly acidic reaction (pH in KCl 1 mol·dm -3 of 5.4). The contents of organic carbon and total nitrogen in the soil were 6.12 and 0.63 g·kg -1 , respectively.
The contents of chromium and copper in the sewage sludge (Table 2 ), in the harvested plant material (Tables 3 and 4) , and in the soil (Table 5) were determined with the ICP-AES method, in a stock solution obtained after dry mineralisation of the samples at 450°C. 
RESULTS AND DISCUSSION
The results show that content of chromium in test plants cultivated in three subsequent years of experiment was higher after application the mixture of sewage sludge with lignite ash than with CaO (Table 3 ). The content of copper in tested plants cultivated in the first and the second year of the experiment was not significant dependent from kind of addition to the sewage sludge (Table 4) . Maize and sunflower harvested in the third year after application of sewage sludge with ash addition contained more copper than in the case when fertilization the mixtures with the participation of CaO was used. The content of chromium in plants fertilized with sewage sludge without additions most often was higher than their application with CaO addition and similarly after introduction their mixtures with ash into soil. The content of copper in test plants most often was similar after fertilization with the same sewage sludge, and their mixtures with CaO and ash. In the studies, a decrease in the contents of the examined heavy metals with increasing amounts of additives (CaO or ash) to the sewage sludge was observed, but significant differences between mean content were obtained only for the copper in sunflower harvested in the first year following fertilization. Such a relation may result from a systematic increase of pH in the soil and a decrease in the availability of heavy metals, resulting from the formation of their hydroxides (Gorlach and Gambuoe 1991) . Alkalisation of the soil after the introduction of the ashes is lower than for introduction of agricultural lime (Saarsalmi and Levula 2007) . Therefore, the availability of the studied heavy metals to plants could be higher following the application of the mixtures containing the ash than for the mixtures with CaO.
Particularly large disproportions in the chromium contents in the biomass of the test plants were obtained following the application of mixtures of various types of sewage sludges having originally differentiated chromium contents. Higher content of chromium in plants was obtained after fertilization with mixtures of sewage sludge from £uków containing more chromium than sludge form Siedlce (Table 2 and 3) . Sunflower harvested in the first year, maize and oat cultivated in the second year after fertilization with mixtures of sewage sludge containing more copper (sludge from Siedlce) had higher concentration of that element than after application mixtures with sludge from £uków (Table 2 and 4). The content of copper in other plants was not statistically differentiated after application of mixtures of both types of sewage sludge.
The simple correlation coefficients with r values from +0.951 to +0.762 (Table 6) indicate that for sewage sludge and its mixtures with CaO and with lignite ash, chromium content in the biomass of the test plants increased with an increasing amount of chromium introduced to soil. Copper contents in the biomass of the studied plants were not significantly correlated with the amount of copper introduced into the soil in the form of sewage sludge and its mixtures. This may be the result of a lack of connection between the amount of soluble forms of copper in the soil and the amount of this element introduced in the form of sewage sludge (Wierzbowska et al. 2016) .
The total amounts of chromium and copper taken up by the test plants decreased with an increasing amount of the additive to sewage sludge, but the differences between the ratios 6:1, 4:1 and 3:1 were not statistically significant (Table 5 ). Greater amounts of the studied heavy metals were accumulated by the TABLE 5. The uptake, amount of chromium and copper in sewage sludges and their mixtures remaining in soil, as well as the content of these elements in soil after three years of experiment test plants fertilized with mixtures of sewage sludge with ash than with CaO. A greater amount of chromium and a smaller amount of copper were taken up by the test plants fertilized with sewage sludge from £uków than with sludge from Siedlce. The same relation was obtained for the contents of chromium and copper in the soil and their amounts remaining in the soil, as a result of fertilisation with sewage sludge. The contents of studied heavy metals in the soil did not significantly depend on the types and amounts of the used additives to sewage sludge. Compared to the contents of chromium and copper in the soil before the experiment, after 3 years of cultivation, the copper content following the application of both types of sewage sludges and their mixtures and the chromium content following the application of sewage sludge from Siedlce, were somewhat higher. Following the application of the mixtures of sewage sludge from £uków, the chromium content in soil was more than twice higher than before the experiment. A significant correlation was found between the amounts of chromium and copper introduced into soil and their contents in soil after completion of the study (the simple correlation coefficient values were r = +0.998 and r = +0.918, respectively). The accumulation of heavy metals in soil following the application of sewage sludge, increasing with increasing doses of the sludge, is a phenomenon reported in many studies (e.g. Jezierska-Tys and Fr¹c 2008, Wo³ejko et al. 2013) . Contamination of soil with heavy metals, resulting from application of sewage sludge, may be limited by adding substances with lower contents of heavy metals to the sludge (Rutkowska et al. 2004) .
Assessment of the effect of fertilisation on the contents of heavy metals in soil together with the changes in their concentrations may be supplemented by a comparison with the standards defining a degree of soil contamination (e.g. with heavy metals) at which none of the functions fulfilled by soil is disturbed (Ustawa -Prawo Ochrony OErodowiska 2001). The lands classified as agricultural (excluding lands under ponds and ditches) should contain no more than 150 mg of both chromium and copper in 1 kg DM of the 0-30 cm soil layer (Rozporz¹dzenie Ministra OErodowiska 2002) . The contents of the studied heavy metals in soil fertilized with the studied sewage sludge and their mixtures with CaO or with lignite ash after 3 years of the experiment were much lower than the above-mentioned contents. 
